INTRODUCTION {#sec1-1}
============

Complete preparation of the root canal space is one of the most important stages in root canal preparation. Despite strict length control of the endodontic instruments during root canal preparation, the dentinal filings, pulp tissue fragments, necrotic tissue, microorganisms, and the intracanal irrigant may be extruded from the apical foramen into the periradicular region.\[[@ref1]\] The extruded material referred to as the 'worm of necrotic debris' has been related to periapical inflammation and postoperative flare-ups.\[[@ref2]\]

The immunological aspects of postoperative flare-ups demonstrated that antigens originating from root canal resulted in the formation of an antigen-antibody complex when forced beyond the apical foramen, which could lead to a severe inflammatory response.\[[@ref3]\]

Vande Visse JE and Brilliant have shown that in the absence of an irrigant, no significant extrusion of debris was observed, while a thick worm of debris extruded when an irrigant was used.\[[@ref4]\]

Studies examining an apical extrusion of debris have stated that procedures using the push-pull motion tend to produce more debris than those involving some sort of rotational movement. This has led to the hypothesis that engine-driven instruments produce less debris than hand filing techniques, as they have a tendency to pull debris in the flutes of the instrument.\[[@ref5]--[@ref9]\]

Occurrence of inter-appointment flare-up is extremely undesirable for patients; proper measures should be employed for reducing apical extrusion of infected debris.\[[@ref6]\]

Various instrumentation techniques have been used in the past for evaluating the apical extrusion of the debris and irrigant, but very few studies are reported in the literature utilizing the Hand Protaper instrument design.

MATERIALS AND METHODS {#sec1-2}
=====================

A total of 80 freshly extracted human mandibular premolars with complete root formation were selected.

Inclusion criteria: Single canal and apical foramen, length of roots approximately 21 mm, canal curvature between 0 and 10 degrees, and an apical diameter corresponding to a \#15 K file. The presence of a single canal was determined by observing the teeth under a stereomicroscope, and digital radiographs in the buccal and proximal directions.

The standard access cavity was prepared conventionally with a \#10 K-file (Mani Inc, Japan). The file, with a rubber stopper, was carefully introduced into each canal until it was just visible at the apical foramen. The working length was determined by subtracting 1 mm from this measurement.

The teeth in which the \#10 K-file can just be seen through the apex and \# 15 K-file that fitted snugly at the working length were selected for the study.

The debris and irrigant collection apparatus \[[Figure1](#F1){ref-type="fig"}\] prepared was similar to that described by Meyers and Montgomery\[[@ref10]\] The tooth was forced through a rubber stopper of the vial after standard access cavity preparation. A centrifuge tube was preweighed to 10\[-[@ref5]\] precision in an electronic microbalance (Single Pan K-Roy analytical balance, K-15) and placed in a 7 ml vial. The rubber stopper with the tooth was then fitted into the mouth of the vial.

![Debris and irrigant collection apparatus](JCD-14-187-g001){#F1}

The samples were equally divided into four groups for instrumentation with different techniques.

Group I --- The teeth in this group were instrumented with the step-back technique. The procedure was divided into two phases: The Phase I apical preparation was started at the apical constriction. The Phase II preparation of the remainder of the canal was gradually stepped back, while increasing the instrument size.

Group II --- Instrumentation was carried out with a Hand Protaper, a set of six instruments were used: three shaping files (Sx, S1, and S2) for a crown-down procedure and three finishing files (F1, F2, and F3) for apical shaping.

Group III --- Instrumentation was carried out using the K-3 Rotary Ni-Ti Technique. The canals were prepared with a 0.12 taper K-3 instrument to resistance followed by a 0.10 taper and 0.08 taper instruments. The canals were further prepared with a 0.06 taper with \#45 K-3 instruments to resistance, from the largest instrument to the smallest, reaching the working length. After a middle third scouting with \#10 K-files, \#40, \#35, and \#30 K-3 instruments were used in a crown-down fashion up to the working length.

Group IV --- Instrumentation was carried out with a Rotary Protaper. After achieving a straight line access, a smooth glide path was achieved with a \# 10 or \# 15 K-file, which used up to two-thirds of the working length. The S1 shaping file was used and moved apically 3 mm short of the working length. The Sx files were then used sequentially until resistance was encountered (4 -- 5 mm from the working length), followed by S1 and S2, to the working length, for shaping of the coronal two-thirds of the canal. Using F1, F2, and F3 files sequentially to the working length, finishing of the apical third was carried out.

During root canal instrumentation 1 ml of distilled water was used after every change of instrument. The apex was prepared with a \#30 file in all instrumentation techniques.

Immediately after canal instrumentation, the centrifuge tube was removed from the vial and the volume of the irrigant was measured following the method given by Meyers and Montgomery.\[[@ref10]\] A calibrated centrifuge tube was filled with saline and compared with the experimental centrifuge tube.

Each tooth was removed from the centrifuge tube and the debris adhering to the root surface was collected by washing off the apical area of the tooth with 1 ml of distilled water into the centrifuge tube. The centrifuge tube was stored in an incubator at 68°C for five days, to allow the moisture to evaporate, before weighing the dry debris, using an electronic balance (Single Pan K-Roy analytical balance, K-15). The measurements obtained were statistically analyzed.

RESULTS {#sec1-3}
=======

Data regarding the volume of the irrigant and weight of the debris extruded are presented in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, respectively. The results indicated that all the instruments tested caused a measurable apical extrusion of the debris and irrigant.

###### 

Mean volume of irrigant extrusion by different instrumentation techniques
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###### 

Mean weight of dry debris extrusion by different instrumentation techniques
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The hand instrumentation techniques (Step-back and Hand Protaper techniques) extruded more debris and irrigant when compared with the engine-driven K-3 and Rotary Protaper systems.

The step-back technique showed the greatest extrusion of both irrigant and debris, and there was a statistically significant difference (*P* \< 0.05) found between the step-back technique and other hand and rotary Ni-Ti instrumentation techniques.

The K-3 system extruded significantly smaller amounts of irrigant and debris.

DISCUSSION {#sec1-4}
==========

An endodontic flare-up is a true complication characterized by the development of pain, swelling or both, which commences within a few hours or days after a root canal procedure and is of sufficient severity to require an unscheduled visit for emergency treatment.\[[@ref3]\]

Various types of injuries that can take place during chemomechanical preparation of the root canal, which lead to a flare-ups are: mechanical, chemical, and / or microbial.\[[@ref6][@ref7]\]

Shovelton DS,\[[@ref8]\] Seltzer and Naidorf,\[[@ref9]\] and Sequiria\[[@ref11]\] have reported that bacteria are also extruded along with debris through the apical foramen. The number of bacteria extruded apically has a direct correlation with the weight of the debris (quantitative factor); and the type and virulence of the bacteria is related to the severity of the periapical inflammation (qualitative factor).

Mangalam S *et al*\[[@ref12]\] and Reddy and Hicks\[[@ref13]\] reported that the difference in the root canal preparation techniques and the instrument design are the major causes for variations in the apical extrusion of the debris by different instrumentation techniques.

The main objective of the present study was to assess the apical extrusion of the irrigating solution and dentin debris as a result of canal shaping by different preparation techniques and instruments.

The methodology employed in this study has been described previously (Meyers and Montgomery).

The amount and type of irrigant and the operator were common to all techniques.

The large amount of debris and irrigant extruded apically by the step-back technique occurred due to the watch winding and in-and-out filing motion, which acted as a piston, extruding a greater amount of debris and irrigant compared to other instrumentation techniques, which prepared the coronal area first followed by the apical area, extruding less amount of material.\[[@ref13]\]

The difference in the root canal preparation using hand and rotary Protaper files is because of the time of contact between the file and the root canal wall. The engine-driven Protaper file contacts the apical area for a lesser period of time and also the rotational speed and torque is fixed, whereas, the Hand Protaper file prepares the apical area for an extended period of time and the rotational movement of the file is an "operator controlled variable factor", extruding more amount of debris.\[[@ref11][@ref14][@ref15]\]

The extrusion of apical debris using the K-3 (Group-III) engine-driven instrumentation technique was the least. Using the instruments in a crown-down fashion and the presence of a variable helix angle and pitch, facilitated the removal of debris formed by instrumentation, coronally.\[[@ref16]\]

Protaper, a faster system with lesser number of instruments, which removes substantial amount of dentin in a short period, may pose the risk of increasing the amount of apical extrusion.\[[@ref17]\]

Elmsallati EA *et al*,\[[@ref18]\] reported that the file with short pitch design extruded less debris than the medium and long ones. Protaper, with a long pitch design of the instrument, extruded greater amounts of debris and irrigant compared to the K-3 system.

Apical extrusion of microbes into the periradicular tissues during endodontic treatment has the potential to bring about serious systemic diseases, such as, endocarditis, brain abscess, and septicemia, particularly in compromised patients. Therefore, every effort should be made to limit the periapical extrusion of intracanal material during treatment, to prevent the flare-up phenomena.

CONCLUSIONS {#sec1-5}
===========

Hand instrumentation techniques (Step-back and Hand Protaper) extruded larger amount of debris and irrigant than the engine-driven techniques (K-3 and Rotary Protaper).

The step-back technique extruded the highest amount of debris and irrigant, whereas, the K-3 system extruded the least.
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